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(71 ) We, COMPAGNIE FRANCAISE 
DES PETROLES, a French corporate body, 
of 5 rue Michel-Ange, Pans 16 erne, 
France, do hereby declare the invention, 
for which we pray that a patent 
may be granted to us, and the 
method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention is concerned with 
exploratory drilling and in particular to the 
protection of a drilled hole against caving 
in and ingress of water. 

Known methods, in spite of the progress 
achieved, all have the common charac- 
teristic of protecting the drilled hole against 
caving in of the strata passed through by 
means of tubes which are sent down as the 
drilling descends. This type of protection 
which is costly, due both to the time 
required to place the tubes in position and 
the mandhandting involved and to the cost 
of the tubes used, is particularly trouble- 
some in the case where drilling methods, 
known as rotary drilling methods are em- 
ployed, because of a loss of power, due to 
rubbing of the drilling tool drive shaft 
against the walls of the bore hole, is added 
to the above disadvantage. This loss of 
power may be considerable because this 
shaft may be as much as several miles in 
length. Furthermore, when the tools require 
changing it is necessary to raise the drive 
shaft, which comprises lengths of rod 
screwed one into the other, and unscrew it 
thus increasing the cost price of this type of 
protection. 

The method of bore-hole drilling called 
"flexidriUing" achieves a net advamce over 
rotary methods because the drive shaft is 
replaced by a flexible armoured hose for the 
tool driving motor and the flexible hose can 
be wound up or unwound by means of a 
drum. In addition, the space taken up by the 
drilling platform can be reduced in size. 
However this method does not dispense with 
the need to protect the drilled hole using 
steel tubes to prevent caving in of the strata. 



Furthermore, it is essential to ensure a 
perfect seal round the flexible hose so as to 
avoid the considerable danger if an eruption 
occurs. 

According to one aspect of the present 
invention there is provided a method of 
exploratory drilling comprising drilling a 
hole and moulding a tubing around the wall 
of the drilled hole simultaneously with 
drilling of the hole, the tube preventing 
caving in of the strata and ingress of water. 

According to another aspect of the 
present invention there is provided a 
method of exploratory drilling comprising 
drilling a hole by passing a drilling tool 
downwardly through the earth, moulding a 
tubing around the wall of the drilled hole 
simultaneously with tie downward 
movement of the drilling tool, to prevent 
caving in of the strata and ingress of water, 
wherein an expandable member carried by 
the drilling topi is expanded laterally against 
the moulded tubing so as to prevent relative 
movement between the expandable member 
and the tubing and a force is exerted be- 
tween the stationary expandable member 
and the drilling tool to cause the drilling tool 
to progress downwardly. 

Thus, on the surface, instead of having a 
large stock of pipes always available, which 
are assembled one to the other as drilling 
progresses, it is only necessary to have 
available a stock of moulding materials 
which are tipped into appropriate tanks, 
from which they are led into a tubing former 
connected with and above the drilling tool. 

By use of this method the strata can be 
supported immediately after drilling. 

The portion of tubing in the process of 
being moulded may be protected from the 
drilled strata by a sleeve which is moulded 
below it. This enables the tubing to be ef- 
fectively protected during its moulding 
process because it is enough to ensure that 
the sleeve former and drilling tool holder 
are effectively sealed for the tubing former 
to be protected from the strata and, as a 
result, all water ingress. 
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According to a further aspect of the 
present invention there is provided ap- 
paratus for carrying out the above method 
comprising a drilling tool, a sup- 
porting body for supporting the drilling tool 
a motor for rotating the tool and mounted 
below the supporting body, a tubing former 
on said body for forming the tubing and 
having an injection zone at its lower end and 
a feed circuit for feeding tubing moulding 
material to the injection zone of the former! 

The invention will be more fully un- 
derstood from the following description of 
an embodiment thereof, given by way of 
example only, with reference to the ac- 
companying drawings. 
In the drawings: 

Figure is a diagrammatic view in cross 
section of the lower part of an embodiment 
of a machine according to the invention; 

Figure 2 is a diagrammatic view in cross 
section of a part of the machine of Figure 1 ; 
Figures 3, 4 and 5 are diagrammatic 



for making sleeve 6 through circuit 5. 

The material which is used for making 
tubing 8 may be of the resin or cement type 
having, for example, a resistance to com- 
pression greater than 2,500 bars and a 
resistance to traction greater than 700 bars 
?JnL? tem P erature range of between 0° and 
150°C, the viscosity being less than 70 
poises. 

As an example, tubing 8 may be made up 
of a polymerised epoxy resin. The thermo- 
hardening resin is injected at a pressure of 
approximately 30 bars above the pressure 
existing at the base of the drill. The resin is 
cooled by a ring 21, in which a cooling 
liquid, e.g. mud, circulates, thus preventing 
a risk of polymerisation in the injection zone 
19. Heating element 17 and 18, on the other 
hand, ensure polymerisation of the injected 
material. 

Sleeve 6, in the example chosen, is a 
silicone elastomer resin (trade name 
Silastene") which is extruded and which 



nii,c5r*£™T \jt *iT * uingiiiiiimanc auastene'j which is extruded and which 

p. c " 1 awgcsi consisting of an ;*tfl***t*lo, __ * 

" figure 6 is a diagrammatic illustration of 
the supply circuit for the materials used in 



the machine of Figure 1 ; 
«. FI §^ 7 is a dia grammatic illustration of 
the drilling mud circuit of the machine of 
Figure 1; and 

Figure 8 is the diagrammatic illustration 
of the main controls for controlling the 
descent of the machine of Figure 1. 

The machine comprises a motor 1 driving 
a retractable drill tool 2 and which may be a 
turbine or an electric motor. It is lowered by 
means of a flexible hose 3 or similar means 
inside which are fitted all the circuits 
required to supply the motor, to supply the 
oil circuits controlling the progress of the 
drill and for mud circulation. In order not to 
uselessly overcrowd the drawing, only an oil 
feed channel 23, a mud circuit 4, a single 
material feed circuit 5 for moulding a sleeve 
6 and a single material feed circuit 7 for 
moulding a tubing 8 are illustrated. 

These various circuits are placed under 
the control of a control unit 9 below which a 
body 10 is located carrying two inflatable 
sleeves 11 and 12. Sleeve 11, fast with body 
10, enables all the equipment illustrated to 
be supported after inflation whereas sleeve 
12, fast with a cylinder 42, slides with the 
said cylinder up and down body 10 by means 
of sealing rings 13 and 14, thus enabling tool 
driving motor 1 and all the equipment to be 
moved after inflation of sleeve 12. 

The equipment for making the sleeve 6 
and tubing 8 comprises two tube formers 15 
and 16 provided with heating element 17 
and 18 and injection zones 19 and 20 
receiving respectively the materials for 
making the tubing 8 through circuit 7 and 



consisting of an inflatable sleeve, which can 
be seen in the inflated position in Figure 2 
ensures protection of sleeve 6 during its 
formation by preventing fragments or rock 
particles from being included in the sleeve 
which, if included, might well become water 
ingress points. 

Tube formers 15 and 16 are units which 
are inflated in the same manner as shield 22 
by the oil circuit 23. To raise the tool-tube 
former assembly all that is necessary is to 
slightly deflate units 15 and 16. 

The resin supply circuits used to make the 
protective sleeve 6 and tubing 8 are similar 
to those illustrated in Figure 6. For each 
type of resin to suit respectively sleeve 6 or 
tube 8 there is on the surface one tank 24 
used for the preparation of the basic 
material and one tank 25 used for the 
preparation of the hardener. A vacuum 
pressure device illustrated diagrammatically 
by pipe 26 ensures that fumes from the 
material are extracted. Mixer 27 is designed 
to homogenise the resin base assembly 
heated by heating element 28. The base 
added to the resin is designed to increase the 
resin's mechanical properties and its 
thermal conductivity. It may be, for 
example, of a metallic nature. 

Tank 25* used for the preparation of the 
hardener, comprises in the same manner a 
vacuum pressure device, not illustrated, 
connected to pipe 29 for hardener fume 
extraction, and a heating element 30. 

Pumps 31 and 32 are metering pumps 
incorporated in resin hose 33 and in har- 
dener hose 34. Safety valves 35 and 36, 
enabling a return to be made to tanks 24 and 
25 respectively in the event of abnormal 
pressure in flexible hose 3, are adjusted to 
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suit the drilling depth thus ensuring an 
injection pressure for the resins at formers 
1 5 and 16 which is 30 bars higher than that at 
the bottom. Flexible hoses 33 and 34 are 
5 heated thus ensuring that the viscosity of the 
material is not lowered. A valve 37 enables 
the introduction of hardener into a static 
mixer 38 to be stopped. This allows static 
mixer 38 to be drained of hardener, in the 
10 event of a temporary stop in drilling, before 
valve 39, which controls the feed of resin to 
injection zones 19 or 20, according to 
whether tubing 8 or sleeve 6 is being made, 
is closed. It will be understood that two 
15 assemblies exist similar to that shown in 
Figure 6, one for the sleeve 6, the other for 
the tubing 8. 

Thus it will be understood that circuits 5 
and 7, illustrated in Figure 1, each comprise 
20 two channels, one for the resin and the other 
for the hardener, the channel for the latter 
being provided with a valve such as 37 
located on the inlet side of a static mixer 
such as 38. Likewise, valves such as 39 
25 control the flow of each of the resins and 
they are located one in channel 7 near in- 
jection zone 19 and the other in channel 5 
near injection zone 20. 
The advancement of drilling and the 
30 forming of tubing 8 and its sleeve 6 are 
carried out as illustrated diagrammatically 
in Figures 3 to 5. In Figure 3, sleeves 11 and 
12 are illustrated deflated and inflated 
respectively. Sleeve 11 is fast with body 10 
35 and descends with body 10 as a result of oil 
pressure, in the general circuit 23, exerted 
on piston 40, fast with body 10, under the 
control of control unit 9 (Figure 8). Oil 
entering the top part of cylinder 42 via 
40 circuit 41 pushes the piston down, sleeve 12 
remaining firmly applied against tubing 8 by 
previous inflation of the sleeve. Thus, as tool 
2 progresses downwards, body 10 descends 
relative to sleeve 12. Formers 15 and 16 fast 
45 with body 10 also descend and, during this 
movement, a certain amount of resin is 
extruded in zone 20 to form sleeve 6, the 
resin gradually polymerising in the regions 
of the heating element 18, whereas resin 
50 extruded in zone 19, the flow of which is 
different from the resin used in the making 
of sleeve 6, polymerises near heating 
element 17 to form tubing 8. It is of course 
understood that the quantities injected are 
55 in proportion to the downward progress of 
the tool and the thickness of the respective 
sleeve or tubing. For example, the sleeve 6 
may be about 10 mm thick and the tubing 8 
about 50 mm thick. The control unit 9 
60 controls the supply of resins. 

The tool continues to advance downwards 
until piston 40 reaches the bottom of 
cylinder 42, Figure 4. This leads to the 
immediate inflation of sleeve 11, Figure 5, 
65 which holds the body 10 while sleeve 12 is 



deflated to enable it to take up a lower 
position as the result of injection of oil into 
the part of cylinder 42 located below piston 
40. The automatic inflation of sleeve 11 may 
be ensured by an electrical impulse from an 70 
end of stroke stop 58, the impulse being 
transmitted by wire 61 to control unit 9, 
Figure 8. As solenoid flap valve control 
circuits which control hydraulic feed to the 
hydraulic circuits are well known, details of 75 
the various circuits ensuring inflation and 
deflation of the sleeves have not been 
illustrated. Thus, during a period of time 
which may be very short, sleeve 12 moves 
down to a lower level so that when the top of 80 
cylinder 42 is close to piston 40, all that is 
necessary is to apply oil under pressure once 
again inside sleeve 12 and release the 
pressure inside sleeve 11 to return to the 
initial conditions illustrated in Figure 3, For 85 
this purpose an end of stroke stop 59 may be 
used which sends a releasing impulse by 
wire 60 to control unit 9 (Figures 1 and 8). In 
Figure 8, then, are found the oil circuit 23, 
resin supply circuit 5 and 7 and mud circuit 90 
4 comprising a down channel 4a and an up 
channel 4b in zone Z, Figure 7. 

A high pressure pump 45 supplies the oil 
necessary to inflate formers 15, 16, shield 22 
and sleeves 1 1 and 12. A first circuit 43 leads 95 
to controls CI 5, C16 and C22 for inflating 
formers 15, 16 and shield 22. In the same 
way a second circuit 44 leads to controls CI 1 
and C12 for sleeves 11 and 12. The assembly 
of circuits 48, 49 and 50 controlling controls 100 
CI 5, C16, and C22, and circuits 46 and 47 
controlling controls Cll and C12 are placed 
under the control of the general control 51 
for advancing or stopping the forming 
machine and in consequence piston 40, the 105 
movement of which depends on the oil fed 
via circuit 41. Circuit 41, serving channels 
C42a and C426 controlled by control 
channels 62 and 63 from the general control 
51, enables, via channel C42a, the drill to 110 
advance downwards and the sleeve 6 and 
tubing 8 forming machine to descend 
simultaneously, and enables, via channel 
C426, cylinder 42 to descend after deflation 
of sleeve 12. Wires 61 and 60 transmit the 115 
impulses sent out by the end of stroke stops 
58 and 59 to the general control 51 in order 
to control the automatic setting in motion of 
the inflating and deflating operations for 
sleeves 11 and 12 via control channels 46 120 
and 47. The mud circuit 4 is also placed 
under the control of controls CE, CF and 
CG for three valves E, F, G (Figure 7), these 
controls being placed under the control of 
control unit 51 by channels 64, 65 and 66. 125 
Valves E and F may be closed in the event of 
the forming machine being stopped or due 
to detection of a high pressure zone by 
detector 53 coupled to control unit 51 by 
C53. In this illustration, the zone including 130 



the tube making machine, and the inflatable 
sleeves, has been indicated by the letter Z 
^£t« A a r ^ been indicated by 
<i !!„ ^ far » tt e mud circuit fa 
nS?^ V ^ n ftat il « fed La b? 
flexible hose 3 and returned by channel 4A 
m annular section A. Supply circuits 5 and 7 
IZ ^ff f D 1 harden ers are placed under 
in *^, contro1 0* controls C35, C36 and C'35 
10 C 36 as well as controls C37 and C'17 
controlling valves 37 for fte hardener 

aremts and C 39 and C39 con^ffinTSes 
39 for the resins supply. A channel 54 

15 C36 rtlT— Unft J* * « OS to 
xiS t ^ us 1 b n n 8 ,n 8 the resin flow under a 
control relative to the speed of advance by 

^Lif^S- ? ethod - channel C53 also 
enabling this flow to be brought under a 

20 t^l tem 7 t° fte PressurfexE at 
20 die bottom of the drilling transmitted by 

£S e .f ^, 5 ? by WWd methoi 
Sri^ce COnSeq ° ent,y 

S Ct f- n 4116 ? bj \ Ct <* which ^toS 
signal set m motion by very high pressure or 
an eruption. This signal, by means of 

17 W» ^heating of heating element 
.1. I * 8 «°/ forme " 15 and 16 to be 
SSSSr °\ by means of section 56 for 
Ss°E Cl ^ rc of 4116 mud cfrcuit 
35 S7 ZS. ? d E and J by mcans of connection 
57 for controlhng the inflation of sleeves 1 1 

™J 2 ' Wi i h *• ob i ect of locking the 
machine and proceeding to insert a clment 

As these various circuits can be of anv 
40 form and as they are not part of the fa- 

nn?»c° l L^ Sofar as . tne a PPKcation of the 
unite, which can be obtained from trade 
sources, is concerned, it has not been 
4S 4 ne cessary to illustrate in detail 

to™ ^ tr01 ' f structure take anj 
form. The control of resin flow limits such 
tlows to a rate of increase of 10%. Thus 
even if the bore hole passes through an 
underground cavern which may be present 
nn.v > St ??' increase in rerin flow^! 
?*IV* l to J ^crease in sleeve and 
tubmg thicknesses in the region of the 
cavern. Again it will be noted mat although 
such caverns are usually filled with water it 

55 js always possible to make the sleeve 
because the material thereof is selected to 
be able to polymerise in water. As the tubine 
b protected by the sleeve, the tubing can 
still be moulded normally. 

60 If drilling must be interrupted, the flow of 
hardener is stopped by means of valve^y 
and the resui circuits are drained of har- 
dener. If drillmg recommences, a startfa 

hs by machmm S the inner wall of the 

65 bottom part of the tubing a few yards above 
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the bottom of the. drilling.. Thus the 
retractable tool 2, during its 8 descent, ad- 
Mhh? ,tS H hCa f 8 radu ,a!ly downwS£ tife 
SSi r ° UtS 3 V? m a Seated shape 
unbJmeetmg up with the protecting sleeve! 70 
The truncated shape cutting may S 
naUvely be carried out by a b^ring^eS 

^?n no e< ; Ve , b< ?? 8 Iocated i" 51 above the 
dnlhng tool. If a cement pluc has been 

driE-too? b i° ken UP by m ^ of 75 
OfUhng tool, the pressure at the bottom 

bemg contained by the clamps on Se 
forWif 0,6 conventional 4y. When 
former 15 reaches the point where the 
truncated portion cominencL , re rin is 80 
Z^^^^^forch^om 

feed of* w,? 0,6 ""5"* «• ■* f ° 8 r the 
^,. of hardener and resin. While the 
X, 15 descending and as soon Is 
former 16 reaches the bottom end of the 8S 
UTincated cone, the controls are set for 
forming the outer sleeve. In this manner a 
hfw^ JT 4 * made . betw een the earlier 
tubing and a new section of tnbing, the end 
of the new sleeve being held between too on 
mmcated layers of tubing resL S * e 90 
machme constructed enables a perfect 

lerreltior 1 10 * ™* «** » 2 

ni^^^'^^e^ermolardening 95 
materials which may be used to form the 

^ 1*1 tubm 8 can be of any sort 
provided that their mechanical properties 
are sufficient to take the place of con- 
vents tubing. Thus theWntion^n- 100 
compasses the case of forming a tubine 8 
without making a sleeve 6 8 

to ^ above-mentioned 
apphcations, that is to say bore-hole drillmg 
with simultaneous forming of tubing con- 105 
muously, the stopping andfce restarting of 
the downward advance, the machine Ian 
ako be used to make the internal sleeveine 
SL U S? eve , n " fill eo with water or to maki 
the internal sleeving of a punctured or lin 
completely oxidised tube. pUnCtured or 1,0 
^ maUy ' ^e, controls for advancing the 

InH teTS by means of ^eves 11, 12 
and cylinder 42, can be reversed to return 
the assembly to a desired depth, as for 115 
example when restarting the tuning procS 
with the object of connecting it to the 
previously formed portion. 

WHAT WE CLAIM IS:— 

1- A method of exploratory drilline 120 
compnsmg drilling a hole and mouldL?! 
tubmg around the wall of the drilled hole 
sunultaneously wim drilling of the hole, the 
tube preventmg caving in of the strata and 
ingress of water. 125 

2. A method of exploratory drilling 
compnsmg drilling a hole by passing a 
dnlhng tool downwardly through the earth 
moulding a tubing around the wall of «Te 
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drilled hole simultaneously with the 
downward movement of the drilling tool, to 
prevent caving in of the strata and ingress of 
water, wherein an expandable member 
5 carried by the drilling tool is expanded 
laterally against the moulded tubing so as to 
prevent relative movement between the 
expandable member and the tubing and a 
force is exerted between the stationary 
10 expandable member and the drilling tool to 
cause the drilling tool to progress down- 
wardly. 

3. A method according to either claim 1 
or claim 2, in which moulding of the tubing 

15 is carried out by extruding mouldable 
material therefor from an injection zone 
around the wall of the drilled hole, the 
injection zone being gradually moved 
downwardly parallel to Ihe drilling axis. 

20 4. A method" according to claim 3, in 
which the mouldable material is a thermo- 
hardening material which is heated after 
extrusion to harden the extruded tubing. 

5. A method according to claim 4, in 
25 which the extruded material is cooled prior 

to being heated. 

6. A method according to any of the 
preceding claims, including moulding a 
sleeve directly against the wall of the drilled 

30 hole prior to moulding of the tubing. 

7. A method according to claim 6, in 
which moulding of the sleeve is carried out 
by extruding mouldable material therefor 
from an injection zone around the wall of 

35 the drilled hole, the injection zone being 
gradually moved downwardly parallel to the 
drilling axis, and heating the sleeve material 
after extrusion. 

8. A method according to either claim 6 
40 or claim 7, in which the material for the 

sleeve is such that polymerisation thereof 
takes place in the presence of water. 

9. A method according to claim 8, in 
which the material for the tubing is such that 

45 polymerisation thereof takes place screened 
from water. 

10. A method according to any of claims 6 
to 9, in which the moulding of the sleeve is 
carried out screened from rock fragments or 

50 particles. 

11 . A method according to any of claims 6 
to 10, in which the rates of flow of the in- 
jected materials are controlled so as to 
maintain a constant thickness of both tubing 

55 and sleeve when passing through an un- 
derground cavern. 

1*. A machine for carrying out the 
method of claim 1, comprising a drilling 
tool, a supporting body for supporting the 

60 drilling tool, a motor for rotating the tool 
and mounted below the supporting body, a 
tubing former on said body for forming the 
tubing and having an injection zone at its 
lower end and a feed circuit for feeding 



tubing moulding material to the injection 65 
zone of the former. 

13. A machine for carrying out the 
method of claim 2, comprising a drilling 
tool, a supporting body for supporting the 
drilling tool, a motor for rotating the tool 70 
and mounted below the supporting body, a 
first inflatable annular sleeve fixed to the 
body, a second inflatable annular sleeve 
movably attached to the body, a hydraulic 
jack to control the movement of the second 75 
annular sleeve with respect to said body, a 
tubing former on said body for forming a 
tubing, said former having an injection zone 

at its Tower end; and feed circuit for feeding 
tubing moulding material to the injection 80 
zone of the tubing former. 

14. A machine according to either claim 
12 or claim 13, comprising a sleeve former 
on said body and positioned below the 
tubing former, the sleeve former having an 85 
injection zone at its lower end, and a feed 
circuit for feeding sleeve moulding material 

to the injection zone of the sleeve former. 

1 5. A machine according to any of claims 

12 to 14 in which the or each former is in- 90 
flat able and includes heating means. 

16. A machine according to claim 15, in 
which the tubing former includes cooling 
means between the injection zone and 
heating means. 95 

17. A machine according to any of claims 
14 to 16, in which said body carries an in- 
flatable annular shield immediately below 
the injection zone of the sleeve former. 

18. A machine according to claim 13 or 100 
any of claims 14 to 17 when dependent on 
claim 13, in which the second inflatable 
sleeve is mounted on a cylinder the ends of 
which have seals slidable on an external 
cylindrical portion of the body, the body 105 
carrying a ring dividing the interior of said 
cylinder into two annular chambers, inlet 
and outlet orifices for feeding oil to said 
chambers being provided. 

19. A machine according to any of claims 1 10 

12 to 18, in which the or each feeding circuit 
for moulding material comprises a channel 
for a thermohardening resin or cement and 
a channel for a hardener, said channels 
feeding into a static mixer immediately 115 
upstream of the injection zone of said 
former, a first valve controlling supply of 
hardener to said static mixer and a second 
valve controlling supply of the mixed 
materials to said injection zone. 120 

20. A machine according to any of claims 

13 to 19 in which an upper part of said body 
includes control means for controlling mud 
circulation, operating oil circulation, 
moulding material circulation and heating 125 
circuits. 

21. A machine according to claim 20, 
including a pressure sensor for sensing the 
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15 



20 



pressure in the bottom of a hole being 
drilled and for continuing the flow of 
moulding material. 

22. A machine according to claim 21 
when dependent on claim 19, in which said 
control means is adapted to act on reception 
of an impulse from the pressure sensor such 
that, when the pressure sensed by the sensor 
exceeds a predetermined value, said control 
means causes the delivery of mud to the drill 
tool and to stop, both the sleeves to inflate, 
the or each hardener delivery valve to close! 
the or each delivery valve for the moulding 
material to close at the outlet from the or 
each static mixer once the mixer has been 
drained of hardener, the switching off of the 
or each heating element circuit and a halt to 
the machine's progress downwards, 

23. A machine according to any of claims 
20 to 22, in which said control means in- 



cludes means for automatically setting in 
motion the inflation of the first sleeve 
deflation of the second sleeve and its 
descent under the control of a first end of 
stroke stop in said hydraulic jack, a second 25 
end of stroke stop being connected to means 
for setting in motion inflation of the second 
sleeve, deflation of the first sleeve and the 
filling of the other annular chamber in said 
hydraulic jack. 30 

24. A method of exploratory drilling 
substantially as herein described. 

25. A machine for exploratory drilling 
substantially as herein described with 
reference to the accompanying drawings. 35 

A. A. THORNTON & CO., 
Northumberland House, 
303— 306 High Holborn, 
London, W.C.I. 
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